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SUMMARY We analyzed preoperative and postoperative echocardiographic and hemodynamic data in 20 consecutive patients with idiopathic hypertrophic subaortic stenosis (IHSS) to compare the results of mitral valve replacement (MVR) with those of septal myomectomy and to evaluate the usefulness of echocardiography in determining postoperative anatomic and hemodynamic changes.
There was no operative mortality. In eight patients, the mean resting gradient fell from 71 mm Hg (range 17-160 mm Hg) before MVR to 3 mm Hg (range 0-20 mm Hg) after MVR (p < 0.01). In 12 patients, the mean gradient fell from 61 mm Hg (range 17-120 mm Hg) before myomectomy to 26 mm Hg (range 0-50 mm Hg) after myomectomy (p < 0.02). The mean septal thickness at the midcavitary region in 21 patients who underwent myomectomy was 21 mm (range mm) preoperatively vs 18.5 mm (range mm) postoperatively (p < 0.05). The mean septal thickness in the left ventricular outflow tract decreased from 22 mm (range mm) before myomectomy to 15 mm (range 9-27 mm) after myomectomy (p < 0.01). The mean left ventricular outflow tract diameter increased in the myomectomy group from 2 mm (range 0-7 mm) preoperatively to 11 mm (range 0-19 mm) postoperatively (p < 0.001). The left ventricular outflow tract diameter in the MVR group was 3 mm (range 0-10 mm) preoperatively and 11 mm (range 7-13 mm) postoperatively (p < 0.001). Early systolic closure of the aortic valve was a sensitive predictor of a significant gradient, and was present in all patients who had a gradient greater than 20 mm Hg. Our findings indicate that echocardiography can be useful in detecting important anatomic and hemodynamic changes after surgery for IHSS. IDIOPATHIC hypertrophic subaortic stenosis (IHSS) is a complex medical entity.1 2 Since 1960, IHSS has been treated surgically, usually in severely symptomatic patients when medical management has failed.2 3 Morrow and Brockenbrough3 first described septal myotomy and resection of hypertrophic muscular tissue, and reported relief of the obstruction and amelioration of symptoms in a large majority of patients. We have shown that mitral valve replacement (MVR) can dramatically improve clinical status and reduce the left ventricular outflow gradient in patients with IHSS. [4] [5] [6] Echocardiography has been reported to be useful in the diagnosis of IHSS,7-10 but early echocardiographic studies in patients with IHSS have not revealed significant anatomic changes after myomectomy.78 Technical advances have permitted echocardiographic detection of changes in septal thickness after myomectomy.11 Our previous echocardiographic analysis of aortic valve motion in patients with IHSS revealed that early systolic closure of the aortic valve was an important adjunct to already established echocardiographic criteria in the diagnosis and follow-up of patients with IHSS.' These findings led us to evaluate available echocardiographic measurements to determine if M-mode echocardiography can successfully detec, the anatomic and hemodynamic changes that can occur after surgical treatment of patients with IHSS, and to compare the hemodynamic results of MVR with those of myomectomy.
Methods
Twelve males and eight females, ages 22-76 years (mean 48 years), who had the typical hemodynamic and echocardiographic features of IHSS and underwent surgery at the Texas Heart Institute for relief of severe left ventricular outflow tract gradient (LVOTG) were included in this study.
The data for this study were obtained retrospectively, and only patients with satisfactory preoperative and postoperative M-mode echocardiograms were included. Echocardiography and cardiac catheterization were performed within 15 days of surgery. The diagnosis of IHSS was made by retrograde left ventricular catheterization and angiography using previously described criteria and a standard protocol.' Pressures were recorded simultaneously from various locations in the left ventricular cavity and the brachial artery. LVOTGs were recorded at rest and during several provocative maneuvers (premature ventricular complexes, Valsalva maneuver and sublingual nitroglycerin). All medications were discontinued at least 48 hours before echocardiography and the cardiac catheterization.
Surgical Techniques
The type of surgery performed was chosen preoperatively after careful analysis of angiographic and hemodynamic data. Occasionally, operative findings necessitated a modification of the type of surgery performed. Myotomy-myomectomy was the treatment of choice for the majority of the younger patients, patients with smaller gradients and patients without mitral insufficiency. MVR was performed primarily in patients with severe mitral insufficiency or greater LVOTG, in older patients and in patients who had undergone an unsuccessful myotomymyomectomy.
Septal myotomy and myomectomy were performed in 12 patients using a modified technique originally described by Morrow and Brockenbrough.3 MVR without septal myomectomy was performed in six patients using a low-profile Cooley-Cutter mitral disc prosthesis and in two patients using a porcine heterograft prosthesis, according to previously described techniques.'-6
Echocardiographic Techniques Echocardiograms were recorded in all patients under resting basal conditions within 24 hours of cardiac catheterization. Echocardiographic studies were performed with the patient in a left lateral position and with the transducer at the third or fourth intercostal space near the left sternal border. The transducer was positioned perpendicular to the anterior chest wall to direct the ultrasound beam to more medial regions of the interventricular septum. The echocardiograms were obtained using a Smith-Kline Ekoline 20 echograph with a 2.25-MHz transducer focused at 7.5 cm or a 1.9-MHz transducer focused at 10 cm. Recordings were made with an Irex 101 multichannel recorder at paper speeds of 25-100 mm/sec with a simultaneous ECG.
The following echocardiographic observations and measurements were obtained both preoperatively ane postoperatively ( fig. 1 ): left ventricular end-diastolic diameter (LVEDD); left ventricular end-systolic diameter (LVESD); minor diameter shortening during systole, expressed as a percentage (MDS); left ventricular outflow tract diameter (LVOTD); interventricular septal (IVS) thickness at the midcavitary level and at the left ventricular outflow tract; left ventricular posterior wall (LVPW) thickness at the midcavitary level; the ratio of IVS thickness and LVPW thickness (IVS/LVPW); left atrial dimension at endsystole; the presence or absence of early systolic closure of the aortic valve; mitral valve EF slope; and the presence or absence of systolic anterior motion (SAM) of the anterior mitral leaflet. All echocardiograms were assessed by two observers.
The midcavity region of the left ventricle or interventricular septum was defined as that region recorded between the free edge of the mitral leaflets and the tips of the papillary muscles ( fig. 1 ).1o The LVOTD was defined as the shortest distance between the maximum SAM of anterior mitral leaflet and the interventricular septum ( fig. 1 ).8 Because the anterior leaflet of the mitral valve is no longer present after MVR, the LVOTD in patients who underwent MVR L£CI~~~~~~~~~~~~~~~~~~~~~~~~~~~ĩ cmj Ao j was measured from the most anterior position of the struts of the mitral valve prosthesis to the most posterior position of the septum. The subaortic region of the interventricular septum was defined as the region of the septum anterior to the mitral valve leaflets.10 MDS was determined by subtracting LVEDD from LVESD and dividing this value by the LVEDD, and was expressed as a percentage." All end-diastolic measurements were made at the beginning of the first rapid deflection of the QRS complex on the ECG. LVESD was measured from the most anterior endocardial position of the LVPW to the most posterior endocardial position of the IVS.11 IVS and LVPW thicknesses were measured at the first rapid deflection of the QRS complex on the ECG ( fig.  1 ).11
The aortic valve echocardiograms were obtained by methods that have been described.9' 12 An echocardiogram of the aortic valve was considered adequate if both aortic cusps were visualized during systole. If both cusps of the aortic valve are not visualized on the echo, midsystolic closure can be missed. Occasionally, however, as in one of our patients ( fig. 1 ), it is difficult to visualize both cusps simultaneously, and each of the cusps can beseen only intermittently. SAM of the anterior mitral leaflet and LVOTD were analyzed when the anterior and posterior mitral leaflets were simultaneously visualized.8
Statistical Analysis
Statistical analysis was performed using the twotailed t test for paired and unpaired variables. 
Results

Hemodynamic Findings
There was no operative mortality with either type of surgery. Postoperatively, no significant conduction disturbances requiring permanent pacemaker implantation developed in any patient. Details of the LVOTG at rest and with provocative maneuvers are shown in figure 2 and tables 1 and 2. The mean LVOTG at rest in eight patients who underwent MVR was 71 mm Hg (range 17-160 mm Hg) preoperatively and 3 mm Hg (range 0-20 mm Hg) postoperatively (p < 0.01). The mean LVOTG at rest in 12 patients who underwent myotomy-myomectomy decreased from 61 mm Hg (range 18-120 mm Hg) preoperatively to 26 mm Hg (range 0-50 mm Hg) postoperatively (p < 0.02). The mean LVOTG at rest was significantly lower after MVR than after myotomymyomectomy (p < 0.02).
During provocative maneuvers the mean LVOTG in patients with MVR was 123 mm Hg (range 50-210 mm Hg) preoperatively and 3 mm Hg (range 0-20 mm Hg) postoperatively (p < 0.001) ( fig. 2 ). The mean LVOTG with provocation in 12 patients with myotomy-myomectomy decreased from 139 mm Hg (range 60-270 mm Hg) preoperatively to 74 mm Hg (range 0-100 mm Hg) postoperatively (p < 0.01) ( fig.  2 ). The mean LVOTG with provocation was significantly lower after MVR than after myotomymyomectomy (p < 0.001). The mean left ventricular end-diastolic pressure (LVEDP) in eight patients with MVR was 18 mm Hg before the operation and 14 mm Hg after the operation (p = NS). The mean LVEDP in 12 patients with myotomy-myomectomy was 18 mm Hg preoperatively and 17 mm Hg postoperatively (p = NS).
Echocardiographic Findings
The mean IVS thickness at the midcavitary region in 12 patients who underwent myotomy-myomectomy was 22 mm (range 16-37 mm) preoperatively and 19 mm (range 12-35 mm) postoperatively (p < 0.05) (table 2) . At the left ventricular outflow tract region the mean IVS thickness was 22 mm (range 15-40 mm) preoperatively and 15 mm (range 9-27 mm) postoperatively (p < 0.01) (table 2) .
The LVOTDs are shown in tables 1 and 2. The mean LVOTD in MVR group was 3 mm (range 0-10 mm) before and 1 1 mm (range 7-13 mm) after MVR (p < 0.001). The mean LVOTD in the myomectomy group was 2 mm (range 0-7 mm) before and 11 mm (range 0-19 mm) after myomectomy (p < 0.001) (tables 1 and 2). Early systolic closure of the aortic valve was present in all patients preoperatively (tables 1 and 2). One patient after MVR and five patients after myomectomy who had a residual LVOTG greater than or equal to 20 mm Hg had persistent early systolic closure of the aortic valve.
SAM of the mitral valve was present in all of the patients before myomectomy and in five patients with residual gradient after myomectomy. IVS/LVPW was significantly reduced after myomectomy but was unchanged after MVR (tables 1 and 2).
In eight patients who underwent MVR, LVEDD was 41 + 2.2 mm preoperatively and 38 ± 3.5 mm postoperatively. In 12 patients who underwent myomectomy, LVEDD was 37 ± 2.2 mm preoperatively and 37 ± 1.9 mm postoperatively.
In the MVR group, LVESD was 27 ± 1 mm before the operation and 25 ± 5 mm after the operation. In the myomectomy group, LVESD was 23 ± 2 mm preoperatively and 26 ± 2 mm postoperatively.
The left atrial dimension in the MVR group was 43 ± 2.1 mm preoperatively and 44 ± 1.9 mm postoperatively. LVEDD, LVESD, MDS, mitral valve EF slope and left atrial diameter did not change significantly after MVR or myotomy-myomectomy (tables 1 and 2).
Discussion
A relatively small proportion of patients with IHSS, probably less than 10%, have severe symptoms despite maximal medical therapy. In severely symptomatic patients with IHSS and left ventricular outflow tract obstruction, the cardiomyopathic process is mostly confined to the interventricular septum.13' 14 Septal myomectomy has been shown to improve symptoms and LVOTG in a large majority of patients with IHSS.2, 3 Previous studies have revealed that septal myomectomy abolishes the LVOTG by restoring normal systolic motion of the anterior mitral leaflet and therefore producing larger cross-sectional area of the left ventricular outflow tract.8 ' 10, 13 In the present study, septal myomectomy significantly reduced LVOTG. The benefit produced by septal myomectomy, however, ultimately depends on whether symptoms are mainly due to outflow obstruction or to the myopathic process and decreased diastolic compliance."' The abnormal mitral valve apparatus with significant mitral insufficiency is present in a significant number of patients with IHSS." 6, 16 Several factors contribute to the severity of mitral insufficiency in patients with IHSS. The two most important factors are misalignment of the papillary muscles and a thick mitral valve with shortened chordae tendinae.'-6 13 15 In our experience, MVR is the preferable treatment for patients with IHSS that have severe mitral insufficiency, an abnormal mitral valve apparatus and a severe LVOTG.' 6 MVR in patients with IHSS almost completely alleviated LVOTG at rest. MVR was more effective than myomectomy in reducing gradients at rest and during provocation. We have reported similar observations in previous studies.46 Only one of our patients who underwent MVR had a small residual gradient, which we believe was due to residual midcavitary obstruction. Five of six patients who un-1-161 VOL 62, SUPPL I, AUGUST 1980 derwent cardiac catheterization after myomectomy had a residual gradient (table 2) . Because cardiac catheterization data were available only in 50% of the patients after myotomy-myomectomy, it is possible that the hemodynamic results are not representative for the whole group. Our protocol after surgery for IHSS included cardiac catheterization, angiography and echocardiography within 15 days after the operation. However, some of the patients refused cardiac catheterization in the early postoperative period.
On the basis of this study, we cannot comment regarding changes in the functional status of the patients after surgery for IHSS. The follow-up period after operation was too brief in the majority of our patients to determine if an improvement in functional status accompanies the reduction in LVOTG seen after surgery for IHSS. Long-term follow-up is necessary to determine if patients fare better after MVR than after myotomy-myomectomy. Early after the operation, we found no significant change in LVEDP after either procedure.
Echocardiographic observations in patients with IHSS after myotomy-myomectomy have been reported.7 10 No comparable echocardiographic data, however, are available in patients with IHSS who underwent MVR. Our echocardiographic analysis of septal dimensions after myotomy-myomectomy revealed a significant decrease of septal thickness in the majority of patients ( fig. 3, table 2 ). The septal thinning after myomectomy was more pronounced at the left ventricular outflow tract level than at the midcavitary region; myomectomy.8 The reason for this discrepancy is multifactorial. Our echocardiographic findings and the observations of others have revealed that myomectomy is usually more extensive at the left ventricular outflow tract region at the site of hypertrophic muscular tissue than at the midcavitary region.8' 10 Special attention is necessary to visualize and measure the septal thickness at the outflow tract level because some of the changes in the septal thickness could be missed. Because the myomectomy segment is usually only 2 cm wide in the medial region of the septum, the echo beam must be carefully directed to that re-i 2, 10,12
gion. In some patients, the chest wall configuration or a small ultrasound beam window may make visualization of the midportion of the septum difficult.'7 In some patients, a large distance from the echo transducer to the septum or poor lateral resolution in the presence of an unusually narrow myomectomy segment can obscure changes in septal thickness.'0 14, 17 If the myomectomy segment is less than 0.6 cm wide, the ultrasound beam probably will not reveal septal thinning. 10, 17 If the appropriate technique is carefully applied, M-mode echocardiography can successfully detect septal thinning in a majority of patients. One disadvantage of our study was that two-dimensional echocardiography was not performed. Two-dimensional echocardiographic study might be of additional help, as suggested by Schapira et al.,'0 when it is difficult to visualize the area of myomectomy by means of M-mode echocardiography. Wide-angle, two-dimensional echocardiography has the advantage of visualizing the entire septum, while preserving the spatial orientation.'0
In three patients, echocardiography after myomectomy did not reveal any changes in septal thickness at the left ventricular outflow region or at the midcavitary level (table 2) . After myomectomy, one patient had septal thinning at the left ventricular outflow region and no change at the midcavitary region. In the present study, all patients in whom septal thickness did not change after myomectomy had a residual LVOTG greater than 22 mm Hg. Early systolic closure of the aortic valve and SAM of the anterior mitral valve leaflet were present in all four patients who had no changes in septal thickness after myomectomy. These findings suggest that lack of change in septal thickness at the left ventricular outflow and/or midcavitary level and early systolic closure of the aortic valve are reliable signs of significant residual LVOTG.
We found that IVS/LVPW was significantly reduced after myomectomy and remained the same after MVR (tables 1 and 2). These changes were due to a decrease in septal thickness at the midcavitary level. Similar findings have been described by other investigators.'0 We previously showed that early systolic closure of the aortic valve in patients with IHSS was a reliable sign of a significant LVOTG both before and after surgery for IHSS.9 The mechanism of early systolic closure of the aortic valve remains unknown, although 1- the results of some experimental studies suggest that it is due to underlying abnormality in the dynamics of left ventricular ejection.'8 Boughner et al.1' showed that blood flow in IHSS is characterized by a sharp early flow velocity peak followed by a rapid decrease in midsystole, which corresponds to the time of early systolic closure of the aortic valve on the echocardiogram. A decreased diastolic closing velocity at the mitral valve (EF slope) is commonly observed in IHSS. The EF slope of the mitral valve was found to be an index of diastolic left ventricular compliance and filling rate.8 Schapira et al.l' found significant improvement in the EF slope after myomectomy. In our study the EF slope did not change significantly after the myomectomy (table 2), in agreement with earlier findings of Bolton et al.8 In IHSS patients, because of an unusual anterior position of mitral valve and a small left ventricular cavity, the anterior mitral leaflet is frequently in apposition to the septum in early diastole, and measurement of the EF slope might be difficult and unreliable.8' 10 In six of our 12 patients, the anterior mitral leaflet was in apposition to the interventricular septum. Schapira et al.'0 encountered the same difficulties in determining the EF slope.
In our study, LVEDD, LVESD, MDS and left atrial dimensions did not change after surgery for IHSS, as has been reported previously. Our study was done early postoperatively. Early after open heart surgery, measurements of LVESD, LVEDD, and MDS might be unreliable, particularly in patients who have newly developed left bundle branch block with paradoxical septal motion and pericardial effusion, as in one of our patients after myomectomy ( fig. 3 ). There are no reports about whether improved hemodynamic status after MVR or myomectomy produces late changes in chamber size.
LVOTD is significantly reduced in patients with IHSS due to asymmetrical septal hypertrophy and abnormal anterior position of anterior mitral leaflet.8' 1 11 In IHSS, the anterior mitral leaflet during systole moves excessively anteriorly toward the hypertrophied septum, producing SAM and therefore causing further narrowing of the LVOTD.' 1' There are several speculations regarding the mechanism of SAM of the anterior mitral leaflet. The leaflet could be pulled anteriorly toward the septum due to a Bernoulli effect or may bend forward due to abnormal attachments and traction by the papillary muscles.4' 8, 13. 18 Regardless of the cause of SAM, MVR has revealed that the anterior mitral leaflet plays a significant role in the production of the left ventricular outflow tract obstruction.4"6
Our data show that LVOTD increased significantly after myomectomy as well as after MVR (tables 1 and 2). The size of LVOTD was not a reliable sign of the presence or absence of a significant LVOTG. These findings are in agreement with the observations of others.'0
In conclusion, our data indicate that: (1) M-mode echocardiography is useful in detecting anatomic and hemodynamic changes after surgical treatment of IHSS; (2) septal thickness decreases in the majority of patients after myotomy-myomectomy; (3) LVOTD increases significantly after MVR and myomectomy; (4) early systolic closure of the aortic valve is a sensitive index of a significant LVOTG before and after surgery for IHSS; (5) both MVR and myomectomy significantly decrease LVOTG; (6) MVR is more effective than myomectomy in reducing LVOTG; (7) MVR and myomectomy do not significantly change left ventricular diastolic and systolic dimensions, MDS or the EF slope of the mitral valve; and (8) operative risks (MVR or myomectomy) for the treatment of IHSS are low. SUMMARY The results of preoperative echocardiography were compared with the pathologic findings at the time of surgery in 24 patients undergoing valve surgery for endocarditis. Of the 32 valves involved by vegetations, 27 (84%) were identified preoperatively. Valve destruction was correctly predicted in 16 of 18 cases. Myocardial abscess formation was detected in only one of the five patients in whom it occurred. Overall, the echocardiograms satisfactorily predicted the pathologic anatomy in 20 cases. In the remaining four patients, the echocardiographic description was seriously incomplete or misleading. Thus, surgery can be recommended on the basis of the clinical and echocardiographic findings for patients with endocarditis. Cardiac catheterization is reserved for patients in whom significant coronary artery disease or intracardiac shunts are suspected or in whom a satisfactory echocardiogram cannot be obtained.
SURGERY is being performed increasingly in patients with endocarditis who suffer the complications of heart failure, repeated emboli, or infection resistant to antibiotics. Cardiac catheterization is usually required to assess cardiac anatomy and physiology in patients who are to undergo valvular surgery. The patient with endocarditis, however, because of the presence of friable vegetations and frequent severe hemodynamic decompensation, is at increased risk of complication during catheterization.
Echocardiography is a clinically useful, noninvasive technique for assessing valvular anatomy and left ventricular function, but its role in evaluating patients with endocarditis has been limited by a relatively low sensitivity in detecting vegetations (34-78%).' 2 However, patients in whom vegetations are visualized are those who most frequently require surgery.1 3 In addition, information concerning valvular and left ventricular function can be obtained. The ability of echocardiography to supersede catheterization in these cases depends on the completeness of the description of the pathologic anatomy. This study was performed to determine the accuracy of echocardiography in predicting the pathology found at surgery.
Methods
The study group consisted of 24 patients who underwent valvular surgery for left-sided endocarditis at the Hospital of the Albert Einstein College of Medicine between January 1976 and July 1979. Fourteen of the patients were male and 10 were female, with a mean age of 44 years (range 20-75 years). The diagnosis of endocarditis was based on the clinical presentation of fever, blood cultures and heart murmur. Only two patients underwent cardiac catheterization.
M-mode echocardiograms were performed using a commercially available echocardiograph machine (either a Hoffrel IOIC or a Picker 80C) coupled to a Honeywell 1856A Visacorder. A 2.25-MHz transducer with a diameter of 1.3 cm, focused at 7.5 cm, was used. Cross-sectional echocardiograms were performed in seven patients using a Picker 80 CI Cardiac Imager and a 2.25-MHz transducer. The images were recorded on ½/2-inch videotape and the images were photographed on Polaroid film.
The M-mode echocardiograms were examined to determine the number and sites of valvular involvements, evidence of valve destruction, and signs of any associated pathology, such as abscess formation. I-164 CIRCULATION
